Effect of diabetes on glucoregulation. From glucose transporters to glucose metabolism in vivo.
Peripheral resistance to insulin is a prominent feature of both insulin-dependent and non-insulin-dependent diabetes. Skeletal muscle is the primary site responsible for decreased insulin-induced glucose utilization in diabetic subjects. Glucose transport is the rate-limiting step for glucose utilization in muscle, and that cellular process is defective in human and animal diabetes. The transport of glucose across the muscle cell plasma membrane is mediated by glucose transporter proteins, and two isoforms (GLUT1 and GLUT4) are expressed in muscle. Insulin acutely increases glucose transport in muscle by selectively stimulating the recruitment of the GLUT4 transporter (but not GLUT1) from an intracellular pool to the plasma membrane. In skeletal muscles of streptozocin-induced diabetic rats, there is a decreased GLUT4 protein content in intracellular and plasma membranes. In these rats, insulin induced the mobilization of GLUT4 from the internal pool, but the incorporation of the transporter protein into the plasma membrane is diminished. Conversely, the content of the GLUT1 transporter increases in the plasma membrane of these diabetic rats. Normalization of glycemia with phlorizin fully restores the amount of GLUT1 and GLUT4 proteins to normal levels in the plasma membrane without altering insulin levels. This suggests that glycemia regulates the number of glucose transporters at the cell surface, GLUT1 varying directly and GLUT4 inversely, to glycemia. The regulatory role of glycemia also can be seen in diabetic dogs in vivo, where correction of hyperglycemia with phlorizin restores, at least in part, the defective metabolic clearance rate of glucose seen in these animals. In addition to acutely stimulating glucose transport in muscle, insulin controls exercise- and possibly stress-mediated glucose uptake in vivo, by preventing hyperglycemia and by restraining the effects of catecholamines on lipolysis and/or muscle glycogenolysis. Finally, we postulated a neural pathway that requires the permissive effect of insulin to increase glucose uptake by the muscle. Thus, insulin, glucose, and neural pathways regulate muscle glucose utilization in vivo and are, therefore, important determinants of glucoregulation in diabetes.